Afrikaners in South Africa (SA) are a recognisable group with a relatively small gene pool and excellent family records over a period of >350 years. The foundations of this group were laid mainly from 1652 until 1807. Afrikaners are derived from settlers from The Netherlands (roughly one-third), Germany (slightly less than onethird) and France (roughly one-quarter), with smaller contributions from other countries, imported slaves and indigenous peoples, [1] the exact proportions differing for each present-day Afrikaner. To illustrate this, a 'deconstruction' of one specific Afrikaner individual who has an incomplete ancestral chart of 926 individuals shows contributions of 37.5% from The Netherlands, 27.4% from Germany and 26.4% from France in his make-up, with 2.2% from people 'van die Kaap' ('from the Cape' , an expression which usually refers to female slaves born in the Cape), 1.9% from Britain and the rest from other countries.
the exact proportions differing for each present-day Afrikaner. To illustrate this, a 'deconstruction' of one specific Afrikaner individual who has an incomplete ancestral chart of 926 individuals shows contributions of 37.5% from The Netherlands, 27.4% from Germany and 26.4% from France in his make-up, with 2.2% from people 'van die Kaap' ('from the Cape' , an expression which usually refers to female slaves born in the Cape), 1.9% from Britain and the rest from other countries. [2] There could be a perception that in isolated areas such as the Gamkaskloof more frequent intermarriages might have had an influence on the occurrence of hereditary diseases. However, there is no clear evidence that the people in these areas differed significantly from those in less isolated rural Afrikaner communities. [3] Several disorders among Afrikaners occur at relatively high frequencies due to founder effects. [3, 4] A founder effect results when a small subset of a large population establishes a new population. The new population may differ significantly from the original population, both in terms of its genotypes and phenotypes. In the case of Afrikaners, the disorders that occur at an unusually high frequency may indicate that the original Dutch, French and German colonists who settled in the Cape carried those disease-causing genes at high frequency. In some cases the diseases can be traced back to specific founder couples, e.g. for familial colonic polyposis, [4, 5] porphyria variegata, [6] progressive familial heart block, [7] Huntington's disease (HD), [8] osteogenesis imperfecta, [9] pseudoxanthoma elasticum (PXE), [10] schizophrenia, [11] long QT syndrome [12, 13] and Fanconi's anaemia. [14] Given the evidence of founder effects for other disorders in the Afrikaner population, we sought to determine whether a founder effect for Parkinson's disease (PD) also occurs in this population. PD is a debilitating neurodegenerative condition arising as a result of the progressive loss of dopaminergic neurons in the brainstem associated with proteinaceous inclusions termed Lewy bodies. Cardinal clinical features include resting tremor, rigidity, bradykinesia, postural instability and responsiveness to levodopa. A genetic aetiology has been found in ~10 -15% of PD cases and a number of genes (and corresponding proteins) have been implicated, including parkin, PINK1 (PTEN-induced putative kinase 1), DJ-1 (DJ-1), SNCA (α-synuclein), LRRK2 (leucine-rich repeat kinase 2), VPS35 (vacuolar protein sorting 35) and EIF4G1 (eukaryotic translation initiation factor 4 γ1).
For the genetic forms of PD, both autosomal dominant (AD) and autosomal recessive (AR) patterns of inheritance are evident. Our research team has been investigating the genetic causes of PD in local SA populations since 2007. Noting that a significant proportion of our PD patients were self-identified as Afrikaner, we undertook a genealogical study to investigate the presence of a possible founder effect for PD. 
Fig. 1. Pedigree of the 40 individuals with Parkinson's disease illustrating their ancestral lines to a common founder couple (labels listed as year of birth, family number, order on pedigree from 1 -40).

Methods
Study participants were recruited from the Movement Disorders Clinic at Tygerberg Hospital in Cape Town, SA, and from various support group meetings around SA of the Parkinson's Association of South Africa. All study participants gave written informed consent. When the genealogical study was started in June 2009, 193 PD probands had been recruited, and of these approximately one-third (62/193; 32.1%) were self-identified as Afrikaner. Afrikaner probands were selected for further genealogical analysis on the basis of having a young age at onset of PD (mostly ≤60 years) and a positive family history of the condition (at least one first-, second-or third-degree relative presenting with similar symptoms). By February 2013, 48 Afrikaner families had been investigated and for each of these a proband was chosen for whom an ancestral chart was drawn. Methods that have become standard in SA genealogical research on hereditary diseases were used. [11, 13] These include interviews with probands and their relatives, and searches in various sources such as state archives, the Huguenot Museum in Franschhoek, marriage and baptismal records, death notices, published genealogies, tombstone inscriptions, voters' rolls, telephone directories and the internet. It is well known that the three mainstream Afrikaans churches, the Nederduitse Gereformeerde Kerk, the Gereformeerde Kerk and the Nederduitsch Hervormde Kerk van Afrika, keep detailed records of marriages and baptisms. Many of these records are available in film or microfiche form at the Genealogical Institute of South Africa in Stellenbosch.
Results
In the initial stages of the research the ancestral charts were drawn as completely as possible. For most of the families, their ancestors can be traced back for at least eight generations. A single ancestral chart for one proband could therefore contain at least 511 individuals, corresponding to the eight generations ancestral to the proband.
After the genealogical trees of the first 12 families were constructed, it emerged that there was a single ancestral couple common to these families. This couple (couple A) married in SA in 1668. The husband was born in The Netherlands and came to SA in 1661. The wife was born in Germany in 1655, and she and her parents came to SA in the late 1650s.
For the remaining families, the genealogical research concentrated on finding at least one line of descent from couple A to the proband. For 40 of the PD probands, at least one such line of descent was found that confirmed ancestry to couple A. On average, there are between three and four ancestral lines for each PD proband, ranging from a minimum of one line to a maximum of 14 lines. From a genealogical viewpoint this is strong evidence of a possible founder effect for PD, with couple A as the founder couple. For the remaining 8/48 families investigated, the information provided was insufficient to determine their ancestry for more than three or four generations, and their relationship to the founder couple is therefore unknown.
Selected lines of descent from the founder couple to the 40 probands are shown in Fig. 1 . Although couple A had 12 children, the pedigree shows only the five children for whom there are lines of descent to the PD patients in this study. It should be noted that since a single proband may have many different ancestral lines to the founder couple, this diagram may potentially be drawn in many different ways. A summary of the available demographic and clinical information for these 40 families is provided in Table 1 . In these families, both AD and AR patterns of inheritance are evident, based on currently available information. Also, it is plausible that reduced penetrance and marriage to spouses with a family history of PD could influence the pattern of inheritance observed within specific families.
Discussion
In the present study, we were able to show that 40 Afrikaner PD probands are descended from a common founder couple. After this couple was identified in the first 12 families examined, links to the couple could also be established in an additional 28 families in which there was sufficient genealogical information to trace ancestry.
Since some progenitors of Afrikaners, e.g. the Van der Merwe and Ferreira progenitors, have large numbers of present-day descendants it has been suggested that any two present-day Afrikaners might share these progenitors as ancestors. [2] However, this proposal appears not to be correct. In our database there are only two lines of descent from the Ferreira progenitor, and both are linked to the same proband. To put our results in perspective, these genealogical findings were compared with other genealogical data that we have available on Afrikaners for long QT syndrome. [12] Of the 22 families who were shown to share a founder couple for this disorder, 12 complete and ten partial ancestral charts were drawn. In the 12 complete ancestral charts only four were found with ancestral lines to couple A.
Given that the total number of male and female progenitors for the Afrikaner population for the period from 1657 until 1806 was ~4 000, [15] the probability that any randomly selected group of 40 Afrikaners would share a common founder couple appears to be remote. We conclude that it is unlikely that couple A's relationship to our 40 families is a chance finding, and that couple A is likely to be the founder couple for PD in the present-day Afrikaner population.
Notably, couple A has also been referred to as the founder couple for HD, lipoid proteinosis, PXE and schizophrenia in the Afrikaner population. [2] However, this statement can be questioned by referring to the original published literature for each of these disorders. In the case of HD, it is actually the eldest daughter of couple A who was shown to be the founder mother of this disorder in SA. [8] With regard to lipoid proteinosis, a study conducted in the Namaqualand region of SA proposed that a brother and his sister who were born early in the 18th century are the common ancestors of present-day lipoid proteinosis patients. [16] This implies that it is the siblings' parents, and not couple A, who are the founder couple of lipoid proteinosis. For the recessive condition PXE, genetic analysis of the families identified three mutations that are associated with distinct haplotypes. This suggests that these families are derived from at least three founder couples, one of these being couple A. [10, 17] With regard to schizophrenia, 87 affected individuals have been shown to be linked to a single founder couple, [11] but there is no documented evidence that couple A is the founder couple.
We acknowledge that to confirm our hypothesis of a founder effect for PD in SA, identification of the underlying genetic cause is needed. To this end, high-density genome-wide single-nucleotide polymorphism genotyping will be used to provide additional support for the genealogical data. It has previously been shown that distantly related affected individuals who share the same causal mutation will also share large genomic regions surrounding it. [18] Moreover, 3/40 probands and one affected sibling (from families labelled ZA92, ZA106 and ZA111) ( Table 1) have been selected for wholeexome sequencing (WES), a technique that involves the screening of all coding regions of the genome for pathogenic mutations. The WES data are in the process of being analysed using bioinformatics analysis and genetic studies to identify the causative mutation in these families. There is evidence for the presence of founder effects for PD in a number of different populations, including the North African Arab, Basque and Ashkenazi Jewish populations. In the North African Arab population upwards of 30% of PD patients have been shown to harbour the LRRK2 G2019S mutation, and all these individuals share a common haplotype. [19] This same mutation is also present at a relatively high frequency (~20%) in Ashkenazi Jews, implicating a founder effect for the mutation which occurred in the Near East at least 4 000 years ago. [20] In Norway, G2019S mutation carriers could be traced back 10 generations to a common Norwegian ancestor couple living between 1580 and 1650. [21] Similarly, the LRRK2 R1441G mutation has been found in ~20% of familial PD patients from the Basque ethnic group but is rare outside Spain, and it is hypothesised that this mutation originated in the Basque population in about the 7th century. [22] If genetic studies confirm the presence of a founder effect for PD in Afrikaners, this would imply that there is a large number of individuals from this ethnic group who may potentially be at risk of developing this debilitating condition. It is therefore imperative to identify the underlying causative mutations to be able to offer the options of pre-symptomatic and carrier testing with the appropriate genetic counselling to these individuals. In conclusion, given the extent and depth of ancestral information that is available on Afrikaners, genealogical analysis is a powerful tool for identification of genetic founder effects for various disorders in this particular population. 
